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(57)Abstract: 

PURPOSE: To obtain a new complex oxide by firing a mixture of manganese dioxide of y-type 
crystalline structure with a Li compound and at least one of metallic materials selected from Ni, 
Co, Fe and Cr. 

CONSTITUTION: Manganese dioxide of y-type crystalline structure having a BET specific 
surface area of 1 50-500m2, a lithium compound and at least one of metallic material selected 
from Ni, Co, Fe and Cr are mixed. This mixture is subjected to the first heat treatment at a 
temperature lower than 500° C in the air and/or oxygen for 1 0 or more hours, then to the 
second heat treatment at 500-850° C for 10 or more hours to give a manganese complex oxide 
of the formula: LiMxMn2-x04 (M is Ni, Co, Fe, Cr; 0.0<x<0.5) having a spinel type crystalline 
structure, particles sizes of 10 or less fim, a lattice constant of less than 8.24&angst; and a BET 
specific surface area of 1 or more m2/g. This composite oxide is used as a positive electrode 
active substance, while Li or Li alloy is used as a negative electrode active substance to easily 
and inexpensively give a Mn-Li secondary cell using a non-aqueous electrolyte. 
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precisely. 

2.**** shows the word which can not be translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1]Consist of a particle with a particle diameter of 10 micrometers or less, and a BET 
specific surface area above 1-m 2 /g, A manganese multiple oxide by which a crystal structure is 
a spinel type and is expressed with chemical formula LiM x Mn 2 _ x 0 4 (the inside M of a formula is 
at least one or more kinds chosen from nickel, Co, Fe, and Cr, and is 0.0< x<=0.5). 
[Claim 2]The manganese multiple oxide according to claim 1 whose grating constant is less than 
8.24 A. 

[Claim 3]That a BET specific surface area calcinates a mixture of manganese dioxide and a 
lithium compound which have gamma type crystal structure of 1 50m 2 /g to 500-m 2 / g, and at 
least one or more kinds of metallic materials chosen from nickel, Co, Fe, and Cr. A manufacturing 
method of a manganese multiple oxide of claim 1 by which it is characterized. 
[Claim 4]A manufacturing method of a manganese multiple oxide of claim 4, wherein a lithium 
compound is a lithium nitrate. 

[Claim 5]A manufacturing method of a manganese multiple oxide of claim 4, wherein metallic 
materials of nickel, Co, Fe, and Cr are those nitrates. 

[Claim 6]A manufacturing method of a manganese multiple oxide of claim 4 performing 2nd heat 
treatment in calcination in a manufacturing method of a manganese multiple oxide of claim 3 at 
not less than 500 ** the temperature of 850 ** or less after performing 1st heat treatment at 
temperature of 500 ** or less. 

[Claim 7]A lithium secondary battery using for negative electrode active material a compound 
which can occlusion emit lithium, a lithium alloy, or lithium, using nonaqueous electrolyte for an 
electrolyte, and using a manganese multiple oxide of claim 1 for positive active material. 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi^ 2008/05/09 



JP.08-217452.A [DETAILED DESCRIPTION] 



1/11 ^— V 



* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to a new manganese multiple oxide, a manufacturing 
method for the same, and its use, it consists of a particle with a particle diameter of 10 
micrometers or less in detail, a BET specific surface area is more than 1-m 2 /g, and a crystal 
structure is a spinel type. 

Chemical formula LiM x Mn 2 _ x 0 4 (the inside M of a formula is at least one or more kinds chosen 
from nickel, Co, Fe. and Cr, and is 0.0< x<=0.5) The manganese multiple oxide expressed, It is 
related with the lithium secondary battery which uses that manufacturing method and this 
manganese multiple oxide for positive active material. 

[0002]Since a manganese multiple oxide is cheap, and abundant in manganese of a raw material 
also in resources and also easy to compound, it is a material which attracts attention most in 
the positive-active-material material for lithium secondary batteries. 
[0003]Since the lithium secondary battery can constitute the cell of high energy density 
theoretically, the research and development which aimed at highly efficient-ization also including 
what was already put in practical use partly as a new style rechargeable battery which bears the 
next generation are furthered actively. 
[0004] 

[Description of the Prior Art]Small size and the development of a lithium secondary battery 
whose energy density it is lightweight and is high are strongly demanded with the spread of a 
personal youth's cordless apparatus. 

[0005]These days, development of the lithium ion type rechargeable battery using the compound 
which can occlusion emit lithium ions, such as a carbonaceous material and a metallic oxide, is 
positively furthered for the purpose of safety reservation, without using a lithium metal and a 
lithium alloy for a negative electrode. 

[0006]For this reason, it is necessary for positive active material to use the compound 
containing lithium. 

[0007]Now, the LiM0 2 type oxide (M is a transition metal here) whose basic skeleton has the 
layer structure which lithium and a transition metal arranged regularly with halite structure as a 
compound containing lithium attracts attention. Also in it, research and development are actively 
furthered including utilization in part from a lithium cobalt oxide (it is written as LiCoO z below) 
and a lithium nickel oxide (it is written as LiNiO z below) showing 4V class cell voltage. 
[0008]However, about LiCo0 2 . the problem that composition is difficult is already pointed out 
about that a cobalt material is expensive and LiNiOg. 

[0009]As a material in which 4V class cell voltage is shown in addition to the two above- 
mentioned materials, it is a lithium manganese spinel (it is written as LiMn 2 0 4 below) of spinel 

type structure. It is known. 

[0010]Since composition is easy, and moreover abundant in manganese raw materials also in 
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resources and cheap. LiMn 2 0 4 is expected as a material which replaces LiCo0 2 and LiNi0 2 . 
[001 1]LiMn 2 0 4 is Spinel structure and is a compound of the normal spinel type with which 
lithium occupied the spinel 8a site, manganese occupied a 16d site, and oxygen occupied 32e 
site. 

[0012]In other words, it has the structure in which lithium occupied one eighth of the tetrahedral 
sites of cubic-closest-packing oxygen, and manganese occupied one half of octahedral sites. 
[0013]the case where this LiMn 2 0 4 is used for the positive active material of a lithium secondary 
battery — about — about [ the field which functions on the voltage of 4V, and ] — it is shown 
clearly that there is a field which operates on the voltage of 3V (small ** et al., the collection of 
the 29th cell debate lecture gists, P 135-1988 years). 

[0014]In the field which functions on the voltage of about 4 v. the lithium ion in the crystalline 
lattice of LiMn 2 0 4 , It moves via 16c site of an empty oxygen octahedral site at the lithium 
occupancy site in a crystal structure, and the reaction which goes in and out without destroying 
structure where the cubic of the original skeletal structure is maintained progresses. 
[0015]On the other hand, in the field which functions on the voltage of about 3 v. the reaction to 
which a lithium ion frequents 16c site of the oxygen octahedral site of the empty in the 
crystalline lattice of LiMn 2 0 4 with the change to ****** from the cubic of a crystal structure 

progresses. .... 
[0016]In order to constitute a lithium secondary battery with an energy density high between the 
two above-mentioned reactions, it is important to use the field which shows the voltage of about 
4 v. 

[0017]When LiMn 2 0 4 is operated in the field which shows the voltage of about 4 v. As mentioned 
above, from a charge-and-discharge reaction progressing without change of a crystal system, 
where the cubic structure of a basic skeleton is maintained, the reversible reaction was 
expected and the proposal of application to a lithium secondary battery has so far accomplished 

[001 8] However, a rechargeable battery with a high energy density cannot be constituted from an 
old proposal, and it has not yet resulted by utilization. 

[0019]When LiMn 2 0 4 is operated in the field which shows the voltage of about 4 v. where cubic 
structure is maintained, a charge-and-discharge reaction progresses, but by the oxidation 
reduction of manganese, and receipts and payments of a lithium ion, although it is some, 
expansion and contraction of a crystalline lattice take place. 

[0020]if LiMn 2 0 4 repeats the cycle of charge and discharge, i.e., the volume change by expansion 
and contraction of this crystalline lattice, according to this invention persons* examination — 
gradually — coming out, although it is. The conductive fall accompanying collapse of a local 
crystal structure, the minuteness making of particles, and minuteness making and also the 
conductive fall considered to originate in loose connection with electric conduction auxiliary 
agents (for example, acetylene black, graphite, etc.) take place, and. for this reason, the fall of 
the capacity accompanying a charging and discharging cycle takes place. 

[0021]By what charge and discharge are repeated for even if it has regulated discharge voltage 
so that LiMn 2 0 4 may be operated in the field for which the voltage of about 4 v is shown when 
charge and discharge are performed at a high charge-and-discharge rate, the capacity factor of 
positive active material becomes uneven due to the fall of the conductivity of an anode, etc. — 
part __ aDOut _ reduction goes to the field which shows the voltage of 3V, and the above- 
mentioned conductive fall is accelerated because transition of a crystal structure takes place, 
and it is thought that reversibility falls remarkably. 

[0022]From the above reason, it is judged that LiMn 2 0 4 has not yet resulted by utilization. 
[0023]As a method of solving this problem, the way other elements replace some manganese is 

[0024]For example, in JP.3-219571.A and JP.4-160769.A. Li x M Y Mn (2 _ Y) 0 4 (0.85<=x<=1 .1 5- 



a 
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0.02<=y<=0.5) which replaced some manganese by at least one kind of Co, Cr, and Fe is 
proposed. 

[0025]It is replacing some manganese by Co, Cr. and Fe f and these proposals make a grating 
constant small, they are making a crystal structure firmer and aim at preventing destruction of a 
crystal structure, i.e., the fall of service capacity. 

[0026] However, even if saying [ making a crystal structure firmer ] can make the pliability over 
the volume change of the crystalline lattice by a charge-and-discharge reaction able to fall and 
it can reduce degradation speed, the fall of service capacity is still difficult to protect. 
[0027]By these proposals, each is compounded at 900 **, since the particles of the compound 
obtained at this temperature are large, when it uses for positive active material, it becomes easy 
to follow minuteness making of the particles by charge and discharge, and capacity lowering 
happens easily. 

[0028]On the other hand in JP.5-36412A it is LiA x Mn (2 _ x) 0 4 (A is Fe and/or Cr, and 
0.1<=X<=0.4) which replaced some manganese by at least one kind of Fe and Cr, It has proposed 
heat-treating below not less than 650 ** 800 ** in Fe, and heat-treating at not less than 650 ** 
the temperature of 850 ** or less in Cr. 

[0029] However, in this proposal, are using Mn 2 0 3 for a manganese raw material, and according to 
this invention persons' examination. When it compounds at the temperature of not less than 650 
** using Mn 2 0 3 , the particle diameter of the compound obtained is large, it becomes easy to 
follow minuteness making of the particles by charge and discharge, and capacity lowering 
happens easily. 

[0030]As mentioned above, the compound of the cycle characteristic at the time of using for the 
positive active material of a lithium secondary battery which replaced some manganese of 
LiMn 2 0 4 proposed until now by other elements is insufficient, and it has not resulted in 

utilization so far with it. 

[0031]On the other hand, small size and the development of a lithium secondary battery whose 
energy density it is lightweight and is high are strongly demanded with the spread of a personal 
youth's cordless apparatus. 

[0032]By the present, although the lithium secondary battery of the ion type which used the 
carbonaceous material for the negative electrode and used nonaqueous electrolyte for the 
electrolyte is put in practical use by positive active material, LiCo0 2 , In order to make it spread 
broadly as a noncommercial small power supply or a power supply for stationary energy storage 
on site type, development of a cheaper and more stable lithium secondary battery is desired. 
[0033] 

[Problem(s) to be Solved by the Invention]The purpose of this invention is to provide the 
manganese system lithium secondary battery which proposed the compound which replaced 
some new manganese of LiMn 2 0 4 by other elements, and its manufacturing method, and used 
this compound for positive active material further and which was excellent in the cycle 
characteristic. 
[0034] 

[Means for Solving the Problem]This invention persons consist of a new manganese multiple 
oxide, i.e., a particle with a particle diameter of 10 micrometers or less, as a result of inquiring 
wholeheartedly for the purpose of solving an aforementioned problem, and a BET specific 
surface area is more than 1 -m 2 /g, A crystal structure is a spinel type and it is chemical formula 
LiM x Mn 2 _ X04 (the inside M of a formula is at least one or more kinds chosen from nickel, Co, Fe, 
and Cr, and). Find out a manganese multiple oxide expressed with 0.0< x<=0.5 for the first time, 
and the manganese multiple oxide, A BET specific surface area found out a thing which calcinate 
a mixture of manganese dioxide and a lithium compound which have gamma type crystal 
structure of 1 50m 2 /g to 500-m 2 /g, and at least one or more kinds of metallic materials chosen 
from nickel, Co, Fe, and Cr and for which thing composition can be carried out. It finds out that a 
manganese system lithium secondary battery which is not in the former and which was excellent 
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in a cycle characteristic can be constituted from using this for positive active material of a 

lithium secondary battery, and came to complete this invention. 

[0035] 

[Function] Hereafter, this invention is explained concretely. 

[0036]Chemical formula LiM x Mn 2 _ x 0 4 of this invention (the inside M of a formula is at least one 
or more kinds chosen from nickel, Co, Fe, and Cr, and) The manganese multiple oxide expressed 
with 0.0< x<=0.5 is a manganese multiple oxide of Spinel structure in which at least one or more 
kinds of metal in which lithium is chosen from manganese, nickel, Co, Fe, and Cr in one half of 
octahedral sites occupied one eighth of the tetrahedral sites of cubic-closest-packing oxygen. 
[0037]The manganese multiple oxide of this invention shows the X diffraction pattern of LiMn 2 0 4 
resemblance which the position of the diffraction peak shifted to the angle-of-elevation side. 
That is, a crystalline lattice is the manganese multiple oxide which became smaller than LiMn 204 . 

[0038]According to this invention persons' examination, it becomes a manganese multiple oxide 
whose crystalline lattice is smaller than LlMn 2 0 4 with the valence and ion size of substitution 

metal. 

[0039]When nickel replaces some manganese, since the stable phase as an oxide of nickel is NiO, 
nickel is replaced by some manganese as +2 value, it is that manganese of +3 value in a 
compound oxidizes to +4 value, and contraction of a crystalline lattice produces it. 
[0040]When it replaces by Co, since there Is a stable phase as an oxide of Co by CoO or Co 3 0 4 

a part of Co replaces by some manganese as +3 value as +2 value. +Also one of cases, and in the case of hybrid 
models [ both ], when the effect that manganese of +3 value oxidizes to +4 value when replacing as 2 values 
replaces as +3 value, contraction of a crystalline lattice arises by the effect replaced by Co whose ion radius is 
smaller than manganese. 

[0041]When it replaces by Fe and Cr, it replaces by some manganese as +3 value from the stable phases as an 
oxide being Fe 2 0 3 and C^O^ respectively, respectively. Contraction of a crystalline lattice arises by the effect 

replaced by Fe and Cr whose ion radius is smaller than manganese. 

[0042]A crystalline lattice is considered to become smaller than LiMn 2 0 4 by the above effect. The rate of 
contraction of the crystalline lattice by the amount of substitution changes from the above thing with the kinds and 
the amounts of substitution of a metallic material to replace, respectively. 

[0043]Although there are metal whose ion radius is smaller than manganese, and metal which forms a stable oxide 
by +2 value besides nickel, Co, Fe, and Cr, When an ion radius is too small, even if it is trespassing upon a lithium 
site, and +2 value, when an ion radius is too large, since a substitution reaction does not occur easily, nickel, Co, Fe, 
and Cr which are proposed this time are considered to be most outstanding substitution metal. 
[0044]Although the manganese multiple oxide of this invention is a compound whose crystalline lattice is smaller 
than LiMn 2 0 4 , it is that a crystalline lattice becomes small and is considered that there are the following effects. 

When making the quantity of manganese of +3 value in a compound decrease fundamentally and making it function 
on the voltage of about 4 v, the quantity of replace [ some manganese / by at least one kind of nickel, Co, Fe, and 
Cr ] of the manganese which participates in an oxidation-reduction reaction decreases. In other words, charge-and- 
discharge reacting weight will be restricted, therefore expansion and the shrinkage amount of a crystalline lattice 
become small, and it is thought that a cycle characteristic improves. 

[0045]By what some manganese is replaced for by at least one kind of nickel, Co, Fe, and Cr according to this 
invention persons' examination, a crystal structure serves as a compound which progressed uniformly, and for this 
reason, even when charge and discharge are performed at a high charge-and-discharge rate, a charge-and- 
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discharge reaction progresses uniformly with the whole active material — about, if discharge voltage is regulated so 
that it may be made to function in the field which shows the voltage of 4V, It comes to function reversibly, without a 
reduction reaction going to the field which shows the voltage of about 3 v. 

[0046]It is desirable still more detailed that it is less than 8.24 A, and, as for the size of a crystalline lattice, it is 
more preferred that it is 8.10 A or more in less than 8.24 A. 

[0047]When the size of a crystalline lattice uses for the positive active material of a lithium secondary battery in 
8.24 A or more, expansion and contraction of the crystalline lattice accompanying charge and discharge become 
large, and collapse of a crystal structure promotes. 

[0048]On the other hand, if a crystalline lattice is less than 8.24 A, expansion and contraction of the crystalline 
lattice accompanying charge and discharge will become small, and its cycle characteristic will improve. 
[0049]Since the diffusion within solid phase of lithium will be in a difficult state if a crystalline lattice becomes not 
much small too much, in connection with charge and discharge, destruction of a crystalline lattice takes place easily. 

[0050] According to this invention persons' examination, when a high-output type lithium secondary battery was 
constituted, it turned out that 8.10 A or more is preferred. 

[0051]the amount of substitution at the time of replacing by at least one kind of nickel, Co, Fe. and Cr chemical 
formula LiM x Mn 2 _ x 0 4 — a table — it is [ the bottom ] indispensable that the value of X of a case is 0.5 or less or 

more in 0.0, and 0.2 or less are more preferred in more detail at 0.05 or more. 

[0052]When the value of X exceeds 0.5, as stated previously, the crystalline lattice of the compound obtained 

becomes small too much, and composition of the compound of spinel single phase becomes difficult. 

[0053]When it constitutes the lithium secondary battery of high capacity, it is more desirable to make the value of X 

or less into 0.2 by 0.05 or more from the necessity of reconciling both charge-and-discharge capacity and a cycle 

characteristic. 

[0054]The manganese multiple oxide expressed with chemical formula LiM x Mn 2 _ x 0 4 (the inside M of a formula is at 
least one or more kinds chosen from nickel, Co, Fe. and Cr, and is 0.0< x<=0.5) of this invention makes it 
indispensable to comprise a particle with a particle diameter of 10 micrometers or less. 

[0055]Although it is unknown about details, since it is a particle with a particle diameter of 10 micrometers or less, 
when it uses for the positive active material of a lithium secondary battery, it becomes easy to absorb expansion 
and contraction of the crystalline lattice accompanying charge and discharge among particles, and the conductive 
fall considered to originate in loose connection with an electric conduction auxiliary agent can be controlled. 
[0056]Especially if it is 10 micrometers or less, it will not be restricted, but if the restoration nature as positive 
active material is taken into consideration, since the restoration nature as a positive electrode material can be 
maintained and the composition of a high capacity type rechargeable battery will be attained with restricting to 10 
micrometers from 1 micrometer, this range of particle diameter is preferred. 

[0057]Chemical formula LiM x Mn 2 _ x 0 4 of this invention (the inside M of a formula is at least one or more kinds 
chosen from nickel, Co, Fe, and Cr, and) The size of the surface area of the manganese multiple oxide expressed 
with 0.0< x<=0.5 makes it indispensable for a BET specific surface area to be [ for a BET specific surface area ] 
2/ 

more than 1-m g. 

2 

[0058]If the value of a BET specific surface area uses the compound more than 1-m /g for the positive active 
material of a lithium secondary battery, Contact with an electric conduction auxiliary agent and an electrolysis 
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solution becomes good, even when charge and discharge are performed at a high charge-and-discharge rate, a 
charge-and-discharge reaction progresses uniformly with the whole active material, and the rechargeable battery 
which excelled [ type / high capacity ] in the cycle characteristic can be constituted. 

[0059]When the restoration nature as positive active material is taken into consideration, the restoration nature as a 

2 

positive electrode material can maintain with restricting the value of a BET specific surface area to below 10-m /g, 

2 2 

the composition of a high capacity type rechargeable battery is attained, and especially between 5m /g to 10-m /g 
is preferred. 

[0060]In the manufacturing method of the manganese multiple oxide of this invention, it is indispensable to use 

2 2 

manganese dioxide in which a BET specific surface area has gamma type crystal structure of 150m /gto 500-m /g 
as a manganese source. 

[0061]while a reaction progresses uniformly and particle growth is notably controlled by using manganese dioxide in 

2 2 

which a BET specific surface area has gamma type crystal structure of 150m /g to 500-m /g as a manganese 
source — a presentation — a uniform manganese multiple oxide becomes compoundable. 

[0062]Although the details of mechanism ****** of this reaction are not clear, it thinks as follows. Since surface 
area is very large, manganese dioxide in which the BET specific surface area used by this invention has gamma type 
crystal structure of 150m 2 /g to 500-m 2 /g has very high reactivity with a lithium compound. Therefore, it is easy to 
generate the manganese multiple oxide of uniform composition. 

[0063]Since manganese dioxide in which a crystal structure has a gamma type crystal structure has the channel 
structure of (1x2) and the diffusion path inside [ of lithium ] a crystal is secured, when it is made to react to a 
lithium compound, it is thought that a reaction advances easily. Although the reason is unknown, since surface area 
is very large, it is thought that composite-ization with a metallic material also advances easily and the manganese 
multiple oxide of uniform composition tends to generate it. 

[0064]This effect has a remarkable BET specific surface area from 150m /gto 500-m /g. This is considered to be 
****** by the following reason. 

[0065]It becomes difficult for a BET specific surface area to be unable to perform uniformly enough mixing with 

manganese dioxide, a lithium compound, and a metallic material, but to manufacture the manganese multiple oxide of 

2 

uniform composition by less than 150-m /g. 

[0066]In the case where a BET specific surface area exceeds 500-m /g, the way of the heat phase transition of 
manganese dioxide, Since the channel structure which happens easilier than a composite-ized reaction with a 
lithium compound and a metallic material, and that I am easy (1x2) diffuses [ lithium ] can distort. It becomes 
difficult to follow a compositeHzed reaction, and it becomes difficult to manufacture the manganese multiple oxide 
of uniform composition, and condensation of particles takes place easily, and a manganese multiple oxide of 10 
micrometers or less cannot be manufactured. 

[0067]Since it stated above, if a BET specific surface area uses for a manganese source manganese dioxide which 
has gamma type crystal structure of 150m 2 /g to 500-m 2 /g. it will be thought that a manganese multiple oxide with 
a uniform presentation can be manufactured easily. 

[0068]The BET specific surface area used by this invention manganese dioxide which has gamma type crystal 
structure of 150m 2 /g to 500-m 2 /g, For example, it can manufacture by the thing which is shown in JP,41-1696,B 
and which perform an electrolysis reaction with the usual sulfuric acid concentration higher than the manufacturing 
conditions and high current density of electrolytic manganese dioxide so that it may be. 

[0069]In the usual manufacturing conditions, electrolytic manganese dioxide deposits in the shape of the anode by 
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the oxidation reaction shown in (1) type. 
[0070] 

Mn 2+ + 2H 2 0 -> Mn0 2 + 4H + + 2e (1) 

For this reason, after the end of electrolysis, after exfoliating from the anode, grinding treatment is performed and it 

is considered as **** or manganese at that of particle state, but the BET specific surface area of manganese 

2 

dioxide obtained by this method is below 100-m /g. 

[0071]On the other hand, manganese dioxide of gamma type crystal structure used by this invention. As the stability 
of Mn 3+ ion is made to increase and it is shown in (2) types by making high sulfuric acid concentration in an 

3+ . 

electrolysis solution rather than the manufacturing conditions of usual electrolytic manganese dioxide, only Mn ion 
is used as anode output, and it is (3) in an electrolysis solution. It is manufactured by making the hydrolysis reaction 
shown by a formula perform. 
[0072] 

Mn 2+ -> Mn 3+ +e (2) 
2Mn 3+ +2H 2 0->Mn0 2 +Mn 2+ +4H + (3) 

With a described method, manganese dioxide in which a BET specific surface area has gamma type crystal structure 
of 1 50m /g to 500-m /g can be manufactured. 

[0073]As long as the lithium materials used for manufacture of the manganese multiple oxide of this invention are 
lithium and/or a lithium compound, what kind of thing may be used for them. For example, although a lithium metal, 
lithium hydroxide, lithium oxide, lithium carbonate, lithium iodide, a lithium nitrate, a lithium oxalate, alkyl lithium, etc. 
are illustrated, especially a lithium nitrate is more preferred preferably also what is fused at the temperature of 500 
** or less, and in it 

[0074]As long as the metallic materials used for manufacture of the manganese multiple oxide of this invention are 
metal and/or metallic compounds, what kind of thing may be used for them. For example, although hydroxide of 
metal and metal, a metaled oxide, metaled carbonate, a metaled nitrate, an organometallic complex, etc. are 
illustrated, especially a metaled nitrate is more preferred preferably also what is fused at the temperature of 500 ** 
or less, and in it. 

[0075]Manganese dioxide and the lithium compound in which a BET specific surface area has gamma type crystal 

structure of 150m 2 /g to 500-m 2 /g, The mixing method in particular of at least one or more kinds of metallic 

materials chosen from nickel, Co, Fe, and Cr is not restricted, and should just be mixed by solid phase and/or the 

liquid phase. For example, the method of mixing the powder of the above-mentioned raw material by dry type and/or 

a wet type, The method of mixing because a BET specific surface area adds and agitates manganese dioxide which 

has gamma type crystal structure of 1 50m /g to 500-m /g in the solution dissolved and/or suspended in the 

lithium compound and the metallic material is illustrated. Manganese dioxide and the lithium compound in which a 

2 2 

BET specific surface area has gamma type crystal structure of 150mVg to 500-m /g, The burning method of the 
manganese multiple oxide which calcinates the mixture of at least one or more kinds of metallic materials chosen 
from nickel, Co, Fe, and Cr, Although not restricted in particular, after calcinating the 1 st heat treatment at the 
temperature of 500 ** or less in the atmosphere and/or oxygen, it is preferred that beyond the temperature over 
500 ** performs 2nd heat treatment at the temperature of 850 ** or less. 

[007 6] According to this invention persons' examination, by the low temperature side, a composite-ized reaction 
progresses bordering on 500 **, and development of Spinel structure takes place by the elevated-temperature side. 
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Therefore, after fully advancing a composite-ized reaction by the 1st heat treatment first, by performing a crystal 
growth reaction by the 2nd heat treatment, a presentation is more uniform and the manganese multiple oxide in 
which Spinel structure progressed can be compounded. A composite-ized reaction is promoted more by performing 
1st heat treatment in the atmosphere and/or oxygen. 

[0077]Since the reduction reaction of particle growth or manganese occurs easily in the temperature in which the 
2nd heat treatment exceeds 850 **, it is preferred to carry out below 850 **. 

[0078]Although not restricted especially concerning firing time, the 1st heat treatment and heat treatment of the 
2nd of 10 hours or more are preferred. 

[0079]As a negative electrode of the lithium secondary battery of this invention, the compound which can occlusion 
emit a lithium metal, a lithium alloy, or lithium can be used As a lithium alloy, lithium/tin alloy, lithium/aluminum alloy, 
lithium/lead alloy, etc. are illustrated, for example. As a compound which can occlusion emit lithium. Oxides, such as 
cobalt oxide, such as iron oxide [, such as carbonaceous materials, such as graphite and black lead and FeO Fe 2 0 3 , 

and Fe 3 0 4 , ], CoO, Co 2 0 3> and Qo 3 0 4 , are illustrated. 

t0080]The electrolyte of the lithium secondary battery of this invention. Although not restricted in particular, for 
example Carbonate, such as propylene carbonate and diethyl carbonate. Lactone, such as sulfolane, such as 
sulfolane and dimethyl sulfoxide, and gamma-butyrolactone. In at least one or more kinds of ether, such as 
dimethoxyethane, of organic solvents, What dissolved at least one or more kinds of lithium salt, such as lithium 
perchlorate, tetrafluoride lithium borate, lithium-hexafluorophosphate. lithium, trifluoromethanesulfonate, the solid 
electrolyte of the lithium ion conductivity of an inorganic system and an organic system, etc. can be used. It used 
for the manganese multiple oxide positive active material obtained by this invention, and the cell shown in drawing 1 
was constituted. 

[0081 ]In a figure, the lead for 1:anodes, the mesh for 2:anode current collection. 3:anode. 4:separator, 5:negative 
electrode, the mesh for 6:negative-electrode current collection, the lead for 7:negative electrodes, and 8:container 
are shown. 

[0082]This invention is not limited by these examples although an example is shown as an example of this invention 

below. 

[0083] 

[Example]X diffraction measurement in the example and comparative example of this invention, observation of a 
particulate structure, and measurement of specific surface area were performed by the following methods. 
[0084] 

X diffraction measurement : Measuring apparatus kind Mac Saiensu-Sha make MXP3 irradiation X ray Cu K alpha 
rays Measuring mode Step scan Scan conditions As 2 theta. 0.04 degree Measuring time 5-second time base range 
As 2 theta. observation [ of 10 degrees to 70 degree particulate structure ]: — measuring apparatus kind . Scanning 
electron microscope JEOL JSM-T220A Accelerating voltage 15 kV Surface area measurement : Measuring 
apparatus kind BET method specific surface area measuring device Measuring method Inside of a nitrogen gas air 
current (the rate of flow: 15-mm/m Ritt RU) After processing at 250 ** for 40 minutes. Automatic Surface area 
measuring device (product made from Shibata science instrument industrial , Inc. ASA-2000) It measured. 
[0085]The length of the crystal axis was determined by the WPPD method (Whole-Powder-Pattern Decomposition 
Method) from the X diffraction measurement data of each compound. 
[0086]The component analysis was measured by ICP emission spectrometry. 
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[0087] [Manufacture of a manganese multiple oxide] 

As example 1 (manufacture of LiCo Q 1 Mn 1 g 0 4 ) Example 1, UCo o.1 Mn 1.9°4 was manufactured by the following 
methods. Electrolytic manganese dioxide of particle state was obtained by using a Pt plate for the anode and 
electrolyzing with the current density of 50 A/dm 2 in the solution which contains manganese sulfate in 25g [ I. ] /, 
and contains sulfuric acid by the concentration of 150g/l. This electrolytic manganese dioxide was BET specific 
surface area190m 2 /g, the particle diameter of 1 micrometer or less, and manganese dioxide with a gamma type 
crystal structure as a result of analysis. 

[0088]Next, this manganese dioxide, lithium nitrate (special grade chemical), and cobalt nitrate 6 hydrate (special 
grade chemical) After mixing so that Li:Mn:Co may be set to 1:1.9:0.1 by a mole ratio, it calcinated at the 
temperature of 450 ** in the atmosphere for 24 hours. 

[0089]Next, after lowering this to a room temperature and grinding and mixing with a mortar, it calcinated at the 
temperature of 650 ** in the atmosphere for 24 hours. 

[0090]The audit observation of the particulate structure was shown in drawing 3 , and a chemical-analysis result, the 
length of a crystal axis, and the measurement result of the BET specific surface area were shown for the X 
diffraction pattern of the obtained compound in Table 1 at drawing 2 . 
[0091] 
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[0092]The obtained compound comprised a grain of 5 micrometers or less, and analysis showed that the length of a 
crystal axis was a manganese multiple oxide of the Spinel structure expressed with LiCo o.1 Mn 1.9°4.0 °^ 8 227 A 

2 

and 8.5 m of BET specific surface area /g. 

[0093]It manufactured like Example 1 except having mixed as example 2 (manufacture of LiCo o.2 Mn 1.8°4^ Exam P ,e 
2, so that Li:Mn:Co might be set to 1:1.8:0.2 by a mole ratio. 

[0094]The obtained compound was a manganese multiple oxide of Spinel structure which consists of a particle of 5 
micrometers or less as a result of analysis. 

[0095]A chemical-analysis result, the length of a crystal axis, and the measurement result of the BET specific 
surface area were shown in Table 1 . 
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[0096]As example 3 (manufacture of LiNi Q 1 Mn Q g 0 4 ) Example 3, LiNi 0 /| Mn 1 g 0 4 was manufactured by the following 
methods. After mixing nickel nitrate 6 hydrate (special grade chemical) with manganese dioxide manufactured in 
Example 1, and a lithium nitrate (special grade chemical) so that Li:Mn:nickel may be set to 1:1.9:0.1 by a mole ratio, 
it calcinated at the temperature of 450 ** in the atmosphere for 24 hours. 

[0097]Next, after lowering this to a room temperature and grinding and mixing with a mortar, it calcinated at the 
temperature of 650 ** in the atmosphere for 24 hours. 

[0098]The obtained compound consisted of a 5-micrometer particle, and analysis showed that the length of a 
crystal axis was a manganese multiple oxide of the Spinel structure expressed with LiNi o.1 Mn 1.9°4.0 of 8 235 A and 
8.3 m of BET specific surface area 2 /g. A chemical-analysis result, the length of a crystal axis, and the 
measurement result of the BET specific surface area were shown in Table 1. 

[0099]As example 4 (manufacture of LiFe 0 1 Mn l g 0 4 ) Example 4, LjFe 0 .1 Mn 1.9°4 was manufactured by the 
following methods. After mixing nine hydrates (special grade chemical) of iron nitrate with manganese dioxide 
manufactured in Example 1, and a lithium nitrate (special grade chemical) so that Li:Mn:Fe may be set to 1:1.9:0.1 by 
a mole ratio, it calcinated at the temperature of 450 ** in the atmosphere for 24 hours. 

[01 00]Next, after lowering this to a room temperature and grinding and mixing with a mortar, it calcinated at the 
temperature of 850 ** in the atmosphere for 24 hours. 

[0101]Analysis showed that it was a manganese multiple oxide of Spinel structure by which the obtained compound 
consists of a particle of 10 micrometers or less, and the length of a crystal axis is expressed with L 'F e o.t Mn 1.9°4.0 

2 

of 8.238 A and 7.8 m of BET specific surface area /g. 

[01 02] A chemical-analysis result, the length of a crystal axis, and the measurement result of the BET specific 
surface area were shown in Table 1. 

[0103]As example 5 (manufacture of LiCr Q2 Mn 1 g 0 4 ) Example 5, LiCr rj.2 Mn 1.8°4 was manufactured b V tne 
following methods. After mixing nine hydrates (special grade chemical) of chromium nitrate with manganese dioxide 
manufactured in Example 1, and a lithium nitrate (special grade chemical) so that Li:Mn:Cr may be set to 1:1.8:0.2 by 
a mole ratio, it calcinated at the temperature of 450 ** in the atmosphere for 24 hours. 

[0104]Next, after lowering this to a room temperature and grinding and mixing with a mortar, it calcinated at the 
temperature of 850 ** in the atmosphere for 24 hours. 

[0105]The obtained compound consisted of a particle of 10 micrometers or less, and analysis showed that the 
length of a crystal axis was a manganese multiple oxide of the Spinel structure expressed with LJCr o.2 Mn 1.8°4.0 of 

o 

8.237 A and 8.2 m of BET specific surface area /g. 

[01 06]A chemical-analysis result, the length of a crystal axis, and the measurement result of the BET specific 
surface area were shown in Table 1 . 

[0107]As the comparative example 1 (manufacture of LiCo o.2 Mn 1.8°4^ com P arative example 1, LiCo 0 2 Mn 1 g0 4 was 

manufactured by the following methods. After mixing Mn 3 0 4 (trimanganese tetroxide: special grade chemical) and 

basic cobalt carbonate (special grade chemical) with lithium carbonate (special grade chemical) so that Li:Mn:Co may 
be set to 1:1.8:0.2 by a mole ratio, it calcinated at the temperature of 900 ** in the atmosphere for 10 hours. The 
audit observation of the particulate structure was shown in drawing 4 , and a chemical-analysis result, the length of a 
crystal axis, and the measurement result of the BET specific surface area were shown for the X diffraction pattern 
of the obtained compound in Table 1 at drawing 2 . Although a length of one side consisted of a regular-octahedron 
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acicular particle of 1 micrometers or more and it turned out that the length of a crystal axis is a manganese multiple 
oxide of the Spinel structure expressed with LiCo Q 2 Mnj 8 0 3 g of 8.222 A **, the compound obtained as a result of 

2 

analysis, The BET specific surface area was 0.6m /g. 

[0108][Composition of a cell] It is a mixture (trade name: TAB-2) of the polytetrafluoroethylene of a conducting 
agent, and acetylene black about the manganese multiple oxide manufactured by Examples 1-5 and the comparative 
example 1. It mixed at a rate of 2:1 by the weight ratio. After molding 75 mg of a mixture by the pressure of 1 
ton/cm 2 on the mesh (SUS 316) of 20 mmphi at a pellet type, the vacuum drying process was performed at 200 ** 
for 5 hours. 

[0109]Use this for the anode of 3 of drawing 1 . and the piece of lithium clipped out from lithium foil (0.2 mm in 

thickness) is used for the negative electrode of 5 of drawing 1 . The separator of 4 of drawing 1 was impregnated 

3 

with what dissolved lithium perchlorate in the electrolysis solution by the concentration of 1 mol/dm at propylene 
carbonate, and the cell shown in drawing 1 of cross-section area of 2.5 cm was constituted. 
[01 10][Evaluation of battery capacity] Cell voltage repeated charge and discharge between 4.5V and 3.5V by the 
constant current of 1.0 mA/cm 2 using the cell created with the described method. 

[01 1 1]The rate of the service capacity of 50 cycle eye over the service capacity of 1 cycle eye, i.e., a capacity 
maintenance rate, was shown in Table 1. 

[01 1 2] Although each manganese multiple oxide manufactured in Examples 1-5 showed the high maintenance factor 
of not less than 95%, the manganese multiple oxide manufactured by the comparative example 1 was 90%. A result is 
shown in Table 1. 
[0113] 

[Effect of the Invention]As stated above the manganese multiple oxide of the invention in this application, It 
consists of a particle with a particle diameter of 10 micrometers or less, a BET specific surface area is more than 
1- m 2 / g , anc j a crystal structure is chemical formula LiM x Mn 2 _ x 0 4 (the inside M of a formula is at least one or 

more kinds chosen from nickel, Co, Fe, and Cr.) of a spinel type. 

0.0< x<=0.5. It is a new manganese multiple oxide expressed, and if the new manganese multiple oxide is used for an 
anode, the manganese system lithium secondary battery which is not in the former and which was excellent in the 
cycle characteristic can be constituted. 

[0114]It is industrially useful knowledge to have found out the manganese system positive electrode material 
applicable to lithium secondary battery positive active material. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view showing the embodiment of the cell constituted from an 
example and a comparative example. 
[Description of Notations] 

1 Positive electrode lead wire 

2 Mesh for anode current collection 

3 Anode 

4 Separator 

5 Negative electrode 

6 Mesh for negative-electrode current collection 

7 The lead for negative electrodes 

8 Container 

[Drawing 2] It is a figure showing the X diffraction figure of the manganese multiple oxide 
manufactured by Example 1 and the comparative example 1 . 

[Drawing 3] It is a photograph which shows the particulate structure of the manganese multiple 
oxide manufactured in Example 1 . 

[Drawing 4] It is a photograph which shows the particulate structure of the manganese multiple 
oxide manufactured by the comparative example 1 . 
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* NOTICES * 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 3] 
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-coSJfett^c oox«c o 3 o.i.$)5;iH, c 

o<0-W+2ftLT, 3«t LT?y#V 

(D-lEPirSmi-^o +2ffii:UT«^i-2>«-a-|4, +3 
tf(75v;/#>-/55+4ffii£^£tU^a*SC«fco-C, +3 

[00 4 1] F e&tfC r Tg&Lfc^tCfix SMMfe 40 
Hift-fa. -7 y ^/ y J; H -f t y^HO'J^ 4 F e XIF 

c r -ewft-raasicioTj&ftft^oiRit^cs. 

[0 0 4 2] »±0«i)*lc:J:oT, »WLiMn 

[0 0 4 3] ft*5, Ni, Co, Fe, CrJ£Wct>, 
-r>#y.}:9 t-Y^-^^W/Js^^S^s + 2ffiT?£ 50 



i"!**S*-g-tc(iy ^AIM NOAM'S wfc* +2« 

9fc< V>i tA>e>, 4-0S*-r?)N i , Co, F 
e, Cr*s*ttf*vfc«ft&«-e*>4i:#x.6>*i5. 

[0044] *&W<o^>-tf>'Wi<frWUkm±, 

*5LiMn : O, ±0/hSvMfc#*n?*>5a^ 8Sb b b&T" 
#/h£ < ft 5 - i: T% ftoi? 43b*#*>5 t%z.t>ti 
3„ vy^fy©- SJ£N i , Co, Fe, Cr 

ffi©^y#y<pa&«'>$#5rilC&9x $)4V(7)* 

*mfe*.*tf*, *WtRJ&ifc*IIS 

[0045] *«W#fefl5*WWKiJ:Htf, 

#yfiO— §5$rN i , Co, Fe, Cr©'M<H-l 
Iflttt 5 r t T\ feMRfcW6-£*Hi Lfc^k-g* 

^TtStettWR^iPflHfcK^ft^-l-it*. D4V 

[0 0 4 6l *MMfr?-©:*:t*Hu 8. 2 4ty^h 
o — A*j|l|-e*>5w fc#»*U<, £<b(cpb<{4, 
8. 2 4ty^fn-A*lT*8. lOt^ho 

[0 0 4 7] 8'. 2 4ty^XhD 

MB B B«itto««d5ffi^ti-?. 0 

[004 8]-*, *Sft*^8. 2 4ty^hc- 
[0 04 9] ^B B B^^fo$ 9 /hS < * *) ^-#'5 t , U 

[0 0 5 0] *3PJ3#b<75&Wt-<fcftl3\ WW*^-<7 r 
©y^^A-2fc««Sr1(||*i-S»«-tH[, 8. ioty 

[0051] Ni, Co, Fe, Cr c??'>^ < i t — ffi 
«T-«mi-?>^^*^*{i. ftfSLiM, Mn H O 
< f«Ufcft©XOfiS, 0. 0Ui±T'O. 5JS1TT' 
feSrt^ftfc?), $fe(Cf¥L<H, 0. 0 5«± 

[0 0 5 2] X»fi!0. 5^g^fcm-§-, Tfet-^fc 
[0 0 5 3] JI}$*0!;^!>AZJJc*Jfe«:fllJ*i- 



(5) 



[0 0 54) ftfSLiM, Mn« O 

. (5£tpMf4N i , Co, Fe, C r bW&flh'PK 
<ti>immU±.X*h*), 0. 0<x^0. 5) T'S£ 

[00 5 5] l¥;iil£ov^H:^$3f::#, tiio^mK 

aicfflv^^ *^atc#p^ B ^^?i-iixffi^ io 

[00 5 6] fe-f-Stt, l-0-/i m^TT*feti«#t*J|5fi 

1 nm^l 0 /inilcaiJP5i-5r t-C, IE1§*ffi-i: LT 

[0 0 5 7] #3§BJ§0\ -ffc^stL iMi Mn M O 
4 (StMttNi, Co, Fe, C r ibillfix5'>ft 

<tt)ii«H±tfot), o. o<xsso. 5) -e*£ 20 

tL5-^V^V«^jk^©*®^^#^(4^ BETtb 
^ffi^BETJtSffi^lm 2 ' g&.±XhZ>Zt%& 

[0 0 5 8] BETtk*®^«^lm Z /g^Ji©jt 

[0 0 5 9] lEMfe®Wt \sX<D%m®L*2ife-tZ>t. 30 
B E Ttfc*ffi;ft<0{I£ 10 m 2 / g ^T^SPg-f 5 ^ t 

^-T^-^ltil^^lBtfe 1 ?. 5 m 2 /gA»fel 
Om 2 /g<Of«C«Ll\ 

[0060] *wn<»^>iJ>^mm<nwm-Jjmz. 

H^X, BETttffit^tSOm' /gH5 00m 

2 / g O Y fg B l*t * tt 5 Zifcv V # V v y ^ 

[00 6 1] BE TJt*S^/5 s 150m 2 /g^b50 
Om 2 /g(D Y ^ B B B«it^*1-?>-^^^^^^ 40 

>#isMt Lxm^^^tx, e^- 

[0 0 6 2] Z<DRfc<Dmm^X<DVtm\tWbfrX\t* 

Mn 2 * + 2Hi O -» Mn 

j*T*#fcft£ZJMk^>#^©BET)fc*5^tt, 10 
Om 2 /g^TT"fo5 0 

[0 0 7 1] #3PJ!l?ffl^5 yS^B B B*iiC>~§£ 50 



4#H¥ 8-2 1 7 4 5 2 

8 

TJt*S^ s 15 0m 2 /g*?)5 0 0ni ! /g©7i 
[0 0 6 3] tt£tt£#yS<Dt£iBriftigfr4ri-& 

-fMk-^^^fi, (1X2) o^-t^yHIBttrHf 

[0 0 6 4] r<0$l*f±, BETtfciSfi)5l5 0m 2 

/ g H5oom ! /g©nt?JBir-e*>s. -tutt, <<fc 

[0 0 6 5] BETJt*ffi^Sl 5 Om 2 /g*«T* 

[0 0 6 6] BETJt*ffi^ s 5 0 Om' /g£iBx.fc 

49> P*-9AjWJitkU*v^ (1X2) W^^A-fll 
>- if ^*-&BWt* ft SJSi- 6 r i # s jb \ c t£ 

z>b&\cn*<Dmm&mz. lo^m^T© 

[0 0 6 7] BUbx^fcaStf^* BETJt*ffi«^i 
5 0m 2 /g^?>5 00m ! / g W 7 M&MiftM&Gi' 

[0 0 6 8] *3BWT?fflV^5BETft*Ea^l 5 0m 
2 /gH5 00m ! /gWySfei.fli5tft*i-5-&t 
{k-^VjtfVfl, 0!]x.tf, #i>Bg4 1- 1 6 9 6-f-^lC 

*5ftfT t?KiS+5 - t 5. 

[0 0 6 9] a*«)«a*#-ett, ft^r^kv^^fy 

tt (1) *Jc*Lfc8HtRrt?tio-C||«*tK:*ftH-r 

[0 0 7 0] 

0 2 + 4H* + 2e (1) 

>-©^«ttftiiJ0$-&, (2) itlC^-f i PIC, Mn" 
-<^->tD^ft^g^J3g#lt L. «fi??S4>T* (3) s£;T'^ 



(6) «fM¥ 8-2 1 74 5 2 

9 10 

[0 0 7 2] 

Mn" -» Mn" + e (2) 

2Mn" +2H- O^MnOi +Mn" +4H (3) 

±.m%W;X\ b e Titmmm& isom ! /g^?>5o * Ltz^y^>m^mtm^^.x^ 5. £ b 

[0 0 7 3] JWSWOvV'^^U'friWbttOlKfilCfflV^ [0 0 7 7] ft33. & 2 ©Mitf* 8 5 0t£&x:SiB 

a^s, imityi-vj*. mitvf-t?^ mm ] j^^ 10 [007 8] 4*, «y^M»cHLTtt:i*fc*ii8Sft5 

a, a^fcy^A, si^y^^A. ->a!?i!)f^ fco-crtftv^ Mi ©iwasRu^ 2<ow$mbi>i 

5 0 0 t C£lT©«.^-T'}tSrt-.5fe©, *© t t»-et>, [0 0 7 9] J^WO AZJWtftoASi: tt 

{gg?y^^AdSit)»4Lv^ i4. y^A&js, y ^^A-g-^fctty^^A^r"^ 

[0 0 7 4] #88©^v#^-fr!*flrffe©»iifcJB^ *ai^ftfcG**fl!V^5 3. 

&%&U/Xte&mik&®r'hiMZlatt tutt, «ttf?f !>V^x#4, y^!7A/r/u 

ft5fe©£JB^Tfe<fcv\ #JR, 5 = !>^*A/fc££*as«fo<S*i5. * 

£M©SMfc*> &Jg©58&&, fc> y^*A£!»j^ffiiTt6ft*k£$iLT»4, ^7 7 

KL<lt 5 0 0tSlT 7^ b^S^©iifWfK'> FeO, Fe. O. % 

©a*-C*iK-*-5t©» *»«t»-Ct>, Wl-A:*©5BlMt 20 Fe 3 O4 <»©BWb«» CoO, Co 2 O* , Co. O 

[0 0 7 5] BETJfc*ffiS»*l 5 0 m' /g*»b5 0 [0 0 8 0] #5891© 9 ^ AZHWtfc©«*Mt 

Om 2 /g<D 7 ^ B H s 1t3t^^'-r5zi^k^v^>'t y li, #lc§iJlS$^v^ > M/D^vy, $ 

^•Mk^i, Ni, Co, Fe, C r ^biltftl-5 ggi^xfvl^©* — hM^, ^*7V, 

'>ft < 1 fe 1 «S£lJt©AJ(»m«>a#*fttt» 4*fc« /P*^**^ K^©*/U*7^ y -/fD 7 * h V 

FK£;ft-5fe©Ti4ft<, Bffi:fttJ^/*fctt*ffi-C*£-«: ^©7^ h^W, yi$<D*-~- rA<«©'> 

fr*.tf J:v\ Witf, Jb1Sira*0>»*fc, KSXtf/t ft< tfci««^±©*m^4' t % MHky?-? 

fctt»a;-cjR^-i-5*&^ ])?t?Mk&<tot&mttW a, Eg^-y-fk^^^y^^A, *7>/.{ky >-i£y 

50m 5 /g 2»b50 0m ! / g O 7 a»JMBft«rfrt- 30 Al£©4>ft < £ fe 1 aSEUi&^filLfcfe©^ *MX 

■5 -®tfk-^ y#y*mittflWt5: t 5 #ifc RtJ 5 *^© y f - ^ A^f *^*tt&0BWt#ff«* ffi 

BETItSii^i 5 0m ! /gi»t5 V>5 - S. *3gST#btlfc^ V^^-g-^k 

0 0m 2 / g ©y®i$fB#ji£*1-£z3Kk^>"#>.t ftiEjiSifellciv^, BitSttftii)*Lfc. 

y ^P-Mk^i, N i , Co, Fe, Cr*>b«rf;h< [00 8 1] 1 : jEffi/S 'J KKL 2: 

■5'>ft< t fe i«m#±©&«w»©a-£»£*i$i-5 m&utm* 3 : 4 = ±s<u-*^ 5 : 

vv^ylMftl)©i^H, #icfijpg$tt5fe© Afe 6 : &WMWa* 7 :Atfffly-K», 

-e&ftv^ m&t* *%*Rxfi/*iti-mm'S'x*5 o 8 

0 < CJ^T©^ST^l©^a^r : fTofc^{C, 5 00t [0 0 8 2] £*Tt£> Lti»]5r^ 

«:8*.3iftft£lLh8 5 or«T©figT*f5 2 ©ffft&SS: 1"*, *«W4rnfeOiatffi|K: «t "9 PS£ $^5 fe©"C 

tT0^t^*LV\ 40 J4ftV\ 

[0 0 7 6] *HK#b©^ftl-J:tvtf, 5 0 0°C£^ [0 0 8 3] 

!R.\Z L-Ts i6m{MT*f4«^kRJS#iS^s [HiSW ft*, ^^©IIJSmVitK^I-feftSX 

t?^^#^©3ia^igr5„ aot> 1 <otm ^@sfa!]^, tt^sfa©**, &mt*E»©ii/£(±, 

s-c+^tcit^kR^*ii*fcmic s # 2 ©aM&s-cis uit©*8c -effort, 

ftjK*R£«r*T 9^tt, 4 9 fcj*J89&— TT* fc°*/M** [0 0 8 4] 

X»@#fai^ :8B««a ?^t^x^ttS MX P 3 

BWtXiH Cu K«l 

^=3f--^^*# 26iLTO. 04° 

ftSWP^ 5 fp 



(7) 



W8- 2 1 7 4 5 2 



11 



12 



2 9b LT 1 0° *>f>70° 

B#*7- JSM-T2 2 0A 
1 5KV 

b e Tfeitmmmmfemw 

)V) T*4 0^2 5 0'CfftiLfct > &Ws 

m ASA-2 0 0 0) T«Lfc„ 
[0 0 8 5] fe^ttroft^H, «-fc^*©XKlEI 10*-7V#>Tfcofc 0 



SflJgf-?*^, WPPD&C Who 1 e-Powd 
er — Pattern Decomposition 
Me t h end) (CioT, &£Lfc,> 
[00 8 6] $ fclC % I C P3§5fc##f&-C-}BIJ 

[0 0 8 7] [^>^^*#iWb«ro»Jft] 
5**0*1 

(Li Com Mn,9 O, «D^3S) MMW 1 t LT, 
Li Con Mm.. Q< Sr. 6HT©**t i DlUJftb 



[0088] rwzift^y^vi:, 

Sre^JfCL i -r-Mn :Co#l:l, 9:0. 1 left 
5J:5I£S£-Lfc&, ^M+T*4 5 0 < CroMST*2 4Nf 

[0 0 8 9] r*l«r^»*T?l*aUfcftk:, fL» 

ftfi-ufc** e 5 ot0>aare2 4B# 

[0 0 9 0] #fcnfcfb^<OX^lE]J)T^^-^5rlll2 



fc. 6S^-7>-^v$r2 5 g/y 5S^5r 1 5 0 g 20 S^iifroti^I^iSt:, Mb b b 



h/u©**-C£tr**JS4»-TN Affile P tKSrffl 
V^T, 5 O A/dm' ro^SEfg^T^-f-S C t (C «fc o 

-ftvV-tf^H:, ^#0^*, BETJt*B«l 9 0 m 2 



fc. 
[0 0 9 1] 

[*1] 







a $4 CD S S 

u*r x h o *• a ) 


BET hh*® a 


(%) 


mmw i 


L i Co d . i Mni . »0 4 . o 


8. 227 


8, 5 


95 


II^I 2 


L i Co b . zMn,. »0 4 . D 


8. 219 


9. 0 


98 




LiNi d . iMn,. »0 4 . o 


8. 235 


8. 3 


96 




LiPc. iMn,. »0 4 . d 


8. 238 


7.8-- 


95 


HSfePl 5 


LiCr d , jMni. i0 4 . o 


8. 237 


8. 2 


98 




LiCo© . zMrii . t 0 < . o 


8. 222 


0. 6 


90 



[oo92] mw&^ nbtitzik&m*. 5 „ m« 

Tro«ti»5>«BK*iXx i»s 8. 227^ 

^hn-A, BETit«®^8. 5 m' /gt), LiC 
o«.i Mm.. O4.. T*S£;fa2>;*- fc^A-tgit^^ 

>®&mt®> -c *> 5 c i # # o to 

[0 0 9 3] Htfe^ 2 

(LiCo..! Mum O, (Digit) HJfS0<]2 i: LT, 
^-;HtTL i : Mn : C otf 1 : 1 . 8:0. 2 left 3 



[0 0 94] »#f«JS*, nbtltzik-&m\$, 5vm&, 
TfcofCo 

[0 0 9 5] fc##*f»*, g B B B*4(Oft$, StfBET 
50 [0 0 9 6] 3 



(8) 

13 

(LiNiu Mn.> O, ©»Jfi) mffi.M3tLX, 
LiNi., Mm., O, «\ £HT©#8cfc:.fc 0«igU 

fc^e/WtT-L i : Mn : N i & 1 : 1 . 9:0. 1 Ktt 
5=fc?{C*l-g-LfcSL ^•C4 5 0toStf2 4« 

[0 0 9 7] :Jl?:iS$1?P$ILfcSI^ 

j&&bfc*» ***T6 5 0TC©ffl*-C2 4Hf? 

[0 0 9 8] WfeiVfeflS-frtett, 5 ;t m© 

— irr BETit*ffi^8. 3m' /gO, LiNiu 
Mm. O4.0 ^^tV^Xt^/V^^ro-^^^VIt-g- 

3tt^BETtb*BSJ©a€<t**r*in:*Lfc D 

[0 0 9 9] Hi£#J4 

(Li Fen Mnn O, ©Kit) ^JS0iJ4 t LT, 
LiFei. Mn... 0< Sr. fiTF©^!- J: 0 W& L 

fc 0 mtwi-ctetufcziwb-v^^fc, sassy ^-7 20 

A"JfcT?L i : Mn : F e # 1 : 1 . 9:0. 1 <fc 
0 fc»*L,fclft, ^^TM 5 O'CWfiarc 2 4 BfrWk 

[oioo] m^iaS-e^fiL-fc^tc, ?L#£ 

jft^Lfcfc* *»*T-8 5 0°CWfi£T-2 4Bt 

[0101] ft?#T©li!r£> mbHtzit&mt. 1 0 n m 
£Tf0tt?-ft>e>&>K IMM*©*£#8. 2 3 8t^ 

BETJtS®^7. 8m ! /gO, LiF 30 

eo.i Mn... o<.» -eftStv6, ^tr^-y^itro^v 

[0102] it^ftrnmsk, wbet 

[0103] |«K0!5 

(Li-Cru Mn 1.9 ©Mit) HiS$J 5 t LT, 
LiCrc Mn... O. £TF©*i£K<fc "5®B£L 
fc 0 H^JlT-SSitLfcH^k^V^fVi:, m&VJ-t 

fc^/HfCL i : Mn : C r # 1 : 1 . 8:0. 2\Ct£ 40 
SiptS^Lfct. *ft*-C4 5 0 c C(7??ag-t:-2 4B# 

[0 10 4] *t, r;h.«:£ia*T»iaL-fc«fc» 

tm a-g-ufca, ^att-es 5 o*c©i&g-c2 41$ 
[0105] »#r©;gjft, nhntzit^mn. 1 0 M m 

SlTWlt^feftO, 8. 2 3 7^ 

Xf-n-A, BETlt*ffi^8. 2m 3 /gO, LiC 
ro.2 Mn..» CK. T**$tt3*f */M*Si©-7:/# 
V^iE^T-fcSr ir^ofco 50 



#ffl¥8-2 17 4 5 2 
14 

[0 10 6] fc¥£#T»*> StfBET 
ifc*ffiit©8i5£fi&*£* 1 fc* Lfc„ 

[0107] jt&tt 1 

(LiCoo. 2 Mn... O, Ottag) Jfcfttfl 1 t LT, 
LiCo« Mm, 0«- «T©*SKit)«SSL 

fc. Rwtyf-irJ* t, Mn. o, (eh®? 

m) Sr^e/PJfCL i :Mn : Co#l : 1. 8: 0. 2 
Kfc3.fc5lc«£ > L-fcft, ^*-e9 0 O'CWS&T-I 

S B B B tt©ft£, fttfBETJt*Ii*©MJSIS*«:* 

lKstfe? «wf©**» mbiitzik&m-±. -he©* 

ft^^8. 2 2 2ty^ho-A, OLiCoo.! M 
ttTfeS-t^ofciiiS, BETit*ffl*ti0. 6m 
[0108] [«?&©«$] H«*J l^b5, RtfJfcilfc 

#i i -esse Lfc-v mmmtox y r 

( fgq B a £ : TAB -2) a»tbT'2 : 1 ©U-g-CS 
-g-L/to Jl^ro 75mgtrl ton/cm 2 ©J£^) 
T\ 20mm*WrA( SUS 3 16) ±IC-^U- 
yb^t^SLfem, 2 0 0tt?5m ^JE^S^a 

[0109] Hi W 3 ©ESlCfflV^T, Hi© 

5©AffiWi!)f7^ (J¥£0. 2mm) ^b§]t)fit 
V^fc A^SrfflV^-C, nMma*7u \f\s-sl3—$. 
^- hi'iim^y^^^Srlmo 1/dm 3 
^LfctWSrlll <D 4 ©-fe/^— -fr-C, W 
ffi^2. 5 cm 2 ©HI tC^Lfcfl;?lbt-1i^L.fc 0 

[0 110] [Sfttt^©l¥« lE^fttMLfct 
Sft^rfflV^T, 1. 0 mA/ cm 2 ©— SftjSfET', S:?feS 
E/45 4. 5V>P>3. 5 V©BgX^&Sft®^t)3lLfco 

[0 11 I-]-l^^^l©Sc***|Cjl*-f5 5 0U--f 

[0112] sas«i*»e>5-(?«iiLfc^^>«^» 
ttttM i xsit ufc-^ v#*sm&mm\*. 9 0 %-c-fc 

ofc 0 ift*S:*li;*t. 
[0 113] 

[%0^©a^] wixS^xtfcirib' 1 ?, ^m^m<D^y 

BETit*[S^i m 2 /gfii.±T\ igfifllJtiSXf^ 
;US©, -fk^SLiMx Mn« O, C^tMtiN i , 
Co, Fe, Cr*>featfn5^4<4:'biaSi«±t? 
0. 0<x^0. 5) T'*$tt5if^^V^> 



15 

[0114] v^v^-frnfajEmmmmzmm^m* 

1 jEny-m 

2 Eill«^y>a . 

3 TEM 



(9) ¥fffl¥- 8-2 1 7 4 5 2 

16 

* 4 -fe^U — 9 

5 AH 

6 Stiti^y^ 

7 JM!ffly-K$i 

8 *S 

[0 2] mmmi. itmrnixmrnLtc^^ym-tm 
m 3 ] mmm i T-§&gLfc^#^£SM<a&* 

10 [H4] Jt^Ji-CMitLfc^^^vm^fb^xDS^ 




[12] 



JL_JL 



a A 



*\ A_ 



JL L 



30 . 40 
2Qteg.) 0» to. 



